ELLIPSES. 


The thinl Bicircloid Curve, Duodticeil by two circular move¬ 
ments (in the same plane) when the angular velocities are as 
2; I, in contrary directions, has for its central equations 

jtsbcos -p e cos (I + e) cos f; 
ysssin^—e8in<^ = (l—e) sin 


which, by putting ass 1 4 - e the apocentral radius, andps I — e 
the pericentral radius, become 


4r=saco8^, andpspsin^. 

IIcncc(f)*+(2)*=i. 

'^creforc the Curve is an Ellipse, of which a and p aie the 
apsidal major and minor semi-axes, respectively. 

The exccntricity of this Ellipse is 

Ofss a^—.|^sss V^(a-fp){a-»p)ss 


^(14-e+l--e)(l+e—J4-e)as v^2x2e=2i/e. (2) 

Or, the eccentricity sthe distance from the center to either 
focus, is a mean proportional between the diameters of the 
Deferent and Epicycle. 

Substituting r cos $ for a*, r sin $ for y in (1.), and clearing 
from fractions, there results ® 

pV*co8*d + a«i^sin«d«oV; 


whence r*« 
Putting in 
r» 


ay 

p* cos* I + sin* * 
the denominator, a*— 
oV 

“a*—«* f* cos*d* * ‘ 


.(3) 

forp«, there results 
.( 4 ) 


Again, putting ^ (1 f-co8 2 for cos*^, in the denominator 
of (4), there results, 
r^ss 




i a* —i a* •* cos 2 • 

^ 2a*p* 

—a* f* cos 2 y 


(5) 


In the eauatkms (1), (3), (4), and (5), the center is the 
origin or pole. 
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The polar equation when the focus is the pole is 


04*11 icosf*.. 

When the EpicycUc radius vanishes^ or e=0, then asup ; in 
this case equation (1) becomes 




Hence in this case the cur\'e is a circle, whose radius is 
n orp, 

Similarljr, equation (3) gives, as in (H), 

When the Epicyclic radius becomes equal to the Deferent 
radius, or €=1, then o= 2, ^=0; and equation (1) becomes 


The curve in this case becomes a straight line, coinciding with 
the axis of a?. 

Equation (3) gives r=:0, since p=0; but here must be 
excepted the case of sin d=0, in which case equation (3) be- 

comes =so*; ,\rsz±a; and these arc the limiting 

values of r. 

The polar equation of the third Bicircloid, when centric, 
29 

gives rssa cos—; which, when 0=0, or 0 = 180"*, gives, as 


before, r= + 0 , or r= the limiting values. 

This Curve is the liedaid or Orihoid ; being a finite straight 
line, whose length is eaual to the Anocentral Diameter. 

Tlic values esO, and e=l, give trie two extreme cases of 
the curve. 


If we suppose e infinite, then a=r, ps^*~-e ; and we get, 
both at once, the two cases in one; for the curve becomes a 
circle: while, its radius being infinite, the circle is equivalent 
to a straight line: but here the length is not finite, because 
it is not centric. This, however, is an Imaginary Bicircloid. 
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Let D=l, ess- | then 
n ’ 


ii=l!LZ!?._ 

^9 ** ft. 

aisaSi^e, by (2).% Ofsas^Ji^S!?} , 

II n-f m ^ 


(») 

( 10 ) 


Letassi, /}=s—y then 


D= 


n+fii 


Jl—HI 


2» ' ^ 2» * * 




Leta=l, th«ny= 


2n ^ 2ft * 


• ( 11 ) 
• ( 12 ) 
. m 


The letter oxf, attached as an index to the letters m 
and r, denotes that the origin^ or the fwle, is at the verte^^ 
center, or focuM, respectively. 

Thus^ when the center is the origin^ we have ^Jss 

from equation (1). 

Whence e*y*-+-p*=a*—jrJ; which is the aecondfoim of the 
rectangular equation. 

If we make the vertex the origin, put jr^+fr^s=a; then 
4f^s5if-.a?^5 and substituting this in equation (1), we have 
o*3f^-*-p*=s:a*—(o—4 ?J*sss2<i#^~ 45*5 as in the first form. 

When the origin is at the focus, ; .•.x^ssat—jr,; 

and (a •—x^)*ss a*— a* •*+2 o • ;r^—xj 

ssp*+2 —jy—JT/; 

which is the third form. 

^ The polarequarions are deduced finom the rectangular equa* 
tions by making 

^,«r.coefl^ y«=r.sin»,i 
#.=r^cos«^ y»r>n#,; 
ay*r,cos«^ y=r,coal^; 
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aoooidii^ tt the pok k at the at the center, or at the 

fiiciia, reapeetivelj. 

Thiia, we have 

whence 

or fli* r,aia^l^ss2 a|^ ooe d,—p* r, cos* I,; 

> j. „ gg^cQs^, _ 2a/>*oo8l» 

• «*siii*^,4'p*C(is*®p’"c*—(a*^p*)cos*d„* 

and putting ^ for cos*^^ we have 

_ 2a/i*co8l. 

4e|i^oo«^, 2xi?iip*eosl9 

««*-«* +p*-(a* -i»*) cos 2 («*-^/) i; 

If we put f cos f SC 08 4^, then 

a* f* 00^ ^s(o«^pa) eos*|sa*cos* 4^} 
and we have also 

r mt 

■ ^—0*008*4', 0*810*4', ^ «8in*<^^ * 

Since a*f*a=ii*—jsi*, equation (4) may be written 

r-— «V 

^ ii*qp^p) ooi*l/ 

and putting o* cos* 4^ for (a*—/>*) cos* we have 

a*p* _ p* p 

o*—ii*eoo*4'c ?8in*Je sin^, ^ **^***8ln^/ 

Similarly, equation (6) may be written 

___ pp _ p* 

'^«+V?^co8»,*«-raco«*/ “(*+‘»»M”27 co(^ 


The angle 4^ niay be geomeiricaliy constructed as follows: 
On the major axis of the ellipse, as a diameter, describe a 
semicircle* Project orthogonally on the radius vector, or its 
prolongation, the distance between the fod, ok. U at. At the 
extremity of the major axis inscribe a chord in the semicircle, 
which shall be equal to the preoeding projection of 2 a 11 this 
chord makes with the major axis an angles4'* 
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If m denote the perpendicular on the tangent, then accord- 
ti^ as the pole is taken at the perie»s/aemt or cetUtr, ao we 
have 

^ 2f*»^—1|«(2-.^)—I*r{ 

« - QP _ 

V'5*+p*—r® 


If and If' are the coordinates of a point in the curve which 
corresponds to the angle those corresponding to 

the angle ; and y"', those corresponding to the angle 

^4*^; then we have 

«y'+Jf'y«a''p-“X|f''s=tjr jf"'—#'*'jfssap. 
f«+r«=r«+r'«==r*+r«*=ii*4-p^. 

The relation between I, and tp is 

(I—f®€08*^4 X (1 +J‘^*C 08 ® t)=sl. 

Whence 

• v' (cos^+ i/1 —t^COS f<>)(008 f^coslj; 


COStffSS 


00S^_ 

\/i—«*^In*^* 


and cos^s 


Vl—§*€08*1^ 


Let u and w be the coordinatesof the fivolute^ napecdv^y 
paralld to the coordinates jp and y, then 

whence (pw)S -f («tf)iM(o i)^. 

and ^pwss i/(%/o*f*4- ^aa). 
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The following are examples of Ellipses whose principal 
axes are proportioned, to each other, according to the series of 
ratios expressed by every pair of numbers not exceeding 10. 

■ Fig. 1. Axes as I : I. 

Radii as 1:0; ea:0. 

«=l,p=l; 

The/bci at the center. 

A Circle, one extreme of the Ellipse: 
the other l^ing the Orthoid, fig. 33. 

y’=:2*,—**=1—jJ=l—r,=:2cos).. r,=r/=sl. 



Fig. 2. Axes as 10:9. 
Radii as 19:1; e=0’05263. 
a=iI,p=0-9; 10»«»=10*—9*=sl9. 
10* y»-;-9»= 2.10 = 10*-aJ 


=s9* + 2 ✓l0*^^.x/-x). 
r,=2.10.9* cos i,-*- 110*- (10*-»*) cos* «,} 
=2.9’co8«,H-108in’4'.- 10*.9 *-k{ 10*- (10«-9*)cos»J4. 

r^ssO-t-s-mt... r/=9*-<-! 10+ »''i6*~-9*.co8j/f=9*-+-2.10co8*| 



Fig. 3. Axes as 9 : 8. 

Radii as 17:1 ; «=0*0588. 

0 = 1; p—0-8; 9*f»=9*-8’=17. 
9*y’-f-«*=! 2.9x,— x!= 9*—xj 

=8* + 2 v^9’—8*uP/—X/. 


r,=3.».«*co>,(,+{9*-(9*-s’)cos»J,} 

=2.8*cos».+9 sin*<|»,. r;=&*.fi*H-{9’-{9*-8*) 
r^mS-i-sin^'r- r/=8*-*-{9+ *^9*—8*cos i/, =8*+2.9cos* 






r^, = ‘i .H .7** cos ^^4-; 8* - 
= 2.7*co^ 9^4-8 sinSlf^. 
r, =74“8mi^,, /v=7'- 



rv=;2.7.fi^cos 5,-17^-- 
= 2.6*co»5^-;-7 
r<.=s64-*ini4'^- lyssfi*-: 



r^=2.ri.5’'cos«^-r{G’'-i 
^ 2.5‘*cos6^-rH8iii*4'..- 

/V=3-f-!4iii4;,^ r/=5^4 
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Fig. 4. Axes as 8:7. 

Kadii u l'5 :1 1 csO-Od. 
o = l,;»=0-875 ; 8*.*=8*-7*=15. 
8‘y«-f7*«2,8 

= 7'+2 \''8*-7<.*,-*J. 

-(8*—7*)co»*<,} 

j^=8» 7*-r 18* - (8*-7*) cos*«, J, 
r'S+ 7*. co*J/} = 7*-r2.8cO«*|^- 

Fig. 5. Axes as 7: G. 

Radii as Id: I; «s0'07fi9. 

«= I, ;,=0-857I42; 7V=7*-e*= 13- 

7* y»-;.6»-2.7 *,-a^ » 7*-*; 

= 6* + 2 v'7*-^*-r/-*^ 
(7»-6^)co8*«J 

, »i:=7*.6''-5-!7*-(7*-6*)oos»Jj, 

-{7+ 6*.cos4/} =6*-^2.7 co8*^' 

Fig. G. Axes as 6: 5. 

Radii as n:l;esO^. 

aml^ ^=(1*8.45 6*i**6*—5**11. 

6* y*-;-5*=2.64r,—jJsG*'—af 

= 5*+ 2 ^-aj. 

[6*—5*)cos*4„| 

i^=6».5*-r !6«-(fi*-5«)c<»«».i, 

_ 

-;«+ ✓6*-5*.c«sV}*5*-t-2.6cosV* 





« 



Fig. 7. Axes as 5:4. 

Radii as 9:1; assO*!. 
asl,p=:0-8; 5*i»=5*-4*=9, 
5» y*^4*a=2^ 

=4» + 3 


r,=s 2.5. l'cos«,-i-{5*-(6*-4*)co«*(.} 


-iS.4>^coB».4-5Bini|',. rJ«5».4*-i-{5*-(5*-4*)cos*J,}, 

.1 

r^=s44-siin|>,. }-^-s4^4-{5(+ 5*—4*) cos 8 i =4*-!*2J>co8*^ 



Fig. 8. Axes as 9:7. 
Radii as 8 1 1; esO'125. 
.i»l,jt=0 j; 9*i*=9*-7*=32. 
!»^ y’'-r7*=s2.9 *i=9»— 

=7»+2 


)r,=2.9.7^c«!.8,-r{y^-(9*-7^)co8*8,} 


=2.7»cos8,-!-98io*t|,,. =9«.7*^{ O'* - (9* - 7*)co8*8,}, 

_ 4^/ 

#V=7-r-siii4'... »y=7‘-^ 9+ ✓9‘-7*.CO*8/jss7*4-2.9.0S*2^ 



Fig. 9. Axes as 4:3. 
Radii as 7 :1 > e—0 14285/. 
asml,p=0-7ii 4*i*=4*-S*s=7. 
4*jf*-^,i*=2.4 JT,—*J»4*— 

=3*+2 ✓4*^*.ay-aJL 


-J Arrant, -i-14»- (4»-3«)c<»s»8J 


=2J*c<M8^-t>4 siii*4',- I'i =4*.3*“- j 4*— (4*—3*) cos*8, 

-- 
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Pig. 10. Axes as 7:5. 

Itadii as 6:1; eBsO*16. 
a«1,psO‘7142eS; 7*i*=7*-5*ac24. 

=5»+2v'7»-5*.*,-;^ 


r,» 2.7.5'co*«,-i.{ 7*-(7’-5*) «>**».} 

=2.5*co»«,-r7«n*4»,. .»^=7*.5*-r{7»-(7*-5'‘)ccm»4,f, 

r,=:5’'-^{7+ ✓7*^.eo8«/}=5»-i-2.7c(»*|^- 


Fig. 11. Axeaa8l0:7. 

Radii aa l7:3; «=0‘17(>47. 
a3c],p=0*7; 10V=10*-7*»5l. 
10V-^'7'=2.10jr,—*1=510*-*J 

= 7*+2 ✓l^^7*.ay-*;. 

#V=2 l<>.7-’co«»,-r{ 10*-(I0“-7*)cos*«,l 
K:2.7*COS«,-i>10sill^l{'.. >^=s 10*.7“-r{ 10*—(10*—7 *)co8**^}, 

r,-7-5-«n4-r »y=7*-rll0+ ✓l0*-7»xoa«/}a7*-2.10oo*»^- 




Fig. 12. Axesas3:2. 
Radii as 5:1; esO’2. 
n=:\,p=0r6-, 3V=3*-2»=5. 
dV-»'2*=2.3a',-jr»=3*-x; 

= 2* + 2 ✓3«^2*4y-j5. 


r,= 2.3.2*cosJ,-r {.3*— (.1* - 3»j c®8*«,l 
=2.2*eo««,T-J8in*i(»,. j^=3*.2*'t-{ 3*— (3*—2®)co8*<jf, 
r,=2'^inil'.» r»=i2*-^{3+ 2*xosJ,}=2*.i2.3co8*^‘ 
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■ Fig. 13. Axes as 8: 5. 

Radii as 13:S; e^O^. 
aal,j»«:0’635; 8*i»*8»-5»«39. 
8y^5**2.8jr,-jr;*8»-»* 

»5*+2 

r,- 2.8.5’'co* 1H*- (8*- 5») co8»J,} 

s23*eo8t,-J-8tin’<l>,. r;=8*.5*-i-}8*—(8'—5*)cos»J,J, 
r,^S-^tiai>e. r/=5*-f-{8+ i*.ousJ,J =sS*-r2.8coB^‘ 



Fig. 14. Axes as 5:3. 
Radii aa 4:1; e=0*29. 
a = l,/)=;U*C; 5*i’=5>—3»«16. 
5 V-i-3*-2.5 a. 5*- 

=3* + 2v'5*-3»jy-*r;. 


r, =2.5.3*co»»,-s-15*- (5» - 3*) cos*»,} 

=i2A»co»«,-r58ip*<»,. »^-i5*..»»-i-{5*-(5'-3*)coa*«,}, 
r,*!3-r-sin<(-.» r^3*-f-i5+ v'S’—3’.coa4/l as3'-r-2.5co8®^‘^' 


Fig. 15. Axes as 7:4. 

Radii aa 11:3; e'sO'27. 

1,^=(>-57I-I28; 7V=7*-4»=33. 
7y4-4*=2.7a'.-ai*7’-J^ 

=4*^-2 v'7®^4*>r-aj, 

r,=3.7.4*cos»,-5-a*-(7*—«*jcoa»«.{ 

=2.4»coe»,-;-78in»j.,. <>7*.4*-^{7’-(7’-4»)coa»«.}. 



r'.,-4-5-8ini|»,. r,=4*4-17+ v'7*-4«.co8j/l=4»-r2.7coa*| 


i4f. 
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r =2.9.5* cos -r .9*- 
=2.5*co 8 9,-^9sin’4»^. 
frS=3-r-sin4>^ r/=s5’- 



r,=2.2J*co»9,-r- 2"— 
> ,.s=1tB nij/r* »■/—1*^ 



r, = 2.9.4' coi.it, -r i O’* — 
=! 2.4*co89,-r9»in*4', 
r,= 4-?-8in4'... r^=4*-! 


Fig. 16. Axes as 9:5. 
Radii as 7 :2: esO*2857U. 
asl,psO-5; 9»i*=9*-5*a!5a. 

9» y*4-5*=2.9#,-*;=9*-;^ 

= 5*+ 2 
-(9*—5*)co8*9,1 

rj s= 9».5»-j-{9* - {9«-5*) co»»9,}, 

__ A, 

■{9+ v'g*—3 *.co89/J =5*-;-2.9co»*2"' 

Fig. 17. Axe8as2;l. 

Radii aa 3:1; <=0*3. 

ff= I, jj=0*5:2V=2*-1*=S. 

2* y*~l*=2.2 *J=a 2*— 

= l»+2 
(2*—1 *)co8*9„1 

r^=2*.l*-5-{2*-{2*-l»)cos*SJ, 

_ 

-{2+ v^2«-l*.co8Vl = l«-i-2.2cosY‘ 

Fig. 18. Axesas9:4. 

Radii as 13:5; <=0*3S4f5. 
a=\, 9*i4ss9*—4*s6S. 

9*/-!-4«=s 2.9 ar„—a^=*9*—«; 

=4*+2 
( 9 *—4*)cos*i,} 

rj* 9*.4* 9*- (9*- 4*) eo»«» 

_ , 

{9-f v'9^—4*.cos^/}=4*-r2.9coN^^* 
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Fig. 19. Axes as 7:3. 

Radii aa 5:3; e!s0>4. 
«=l,j»=0-4S857i; 7*«*-7*-S*=«40. 
j* 3.7 7*-*; 

=3*+ 3 


r,=3.7.3* co8<„-i-{7*-(7*-JI*)«^*»J 
=3J*«»l.-^7»in*+.. i=7*-3‘-.-{7*- (7'—I’jooa^}, 

r„=3-t-«in4«^ r,=3*-*-{7+ v'f-3*.c.«.4y| = .»*-^3.7«>4*|f- 


Fig. 20. Axes as 5:2. 

Radii «* 7:3; e=0'42857i. 

0=1, i»=0-4; 5V=5»-2*=21. 
5»y«^2*=2.5jr,—*?=»5*—4 
=2*4 2 v^5*—2*rf/— 
r,=2.5.2*cosJ,+(5* —(5*—-*) cos*J,} 

=2.2*cos4,-«-5iin*'l»,. »^=5*.2*-t-J5’‘—(.i'*—2*)««*<,}, 
r,=2-H,in+,. r/=2*+J5*4 {5*-3 Voo4,! =2*^2.5 co«* f 



Fig. 21. Axes as 8:3. 
Radii as 11:5; 0=0*45. 
o=l,p=U-373: 8*t*=8*-3*=55. 

Hy-i- 3 *- 2 . 8 »,-o^= 8*-l^ 

=3*43 ✓»*—3*.j:/ ^ 
r.=2.83‘co»»-r,l'>*- (8’-S*)co»*«.l 
=2.3*co»4..^88in»*.. f^=8*.S*- '8*- (8'-.!*)«»»»,}, 

♦/ 

r,=3-r»iB+^ r/=3*4-<8-t v'8*^i*.C08«rJ ®.t*4*2.8co«*j- 
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Fig. 22. Axes as 3: 1. 

Radii as 2:1; e=:0*S. 

3*«*=3»-l*=8. 

;}* y»-ti*=2..3 *,-»;=3»-a; 

= 1 * + 2 v/3*^*.*y—*/. 
r,=2J.l^co»J^^;.3'»-(3*- l«jcos«»J 
=2.l*co8«,-l-38in«4r,. r;=3*.1*-^{3*-{3*-l*)cos*«J, 
r,-l-i-8inf. r,-l»-t-{3+ ^3*^^c<»«,> = l*-^2.3co8*|^. 

Fig. 23. Axes as 10:3. 

Radii as 13: 7i e=0'53846. 
fl«l,/i=0-3; 10«i«=10*-3*=91. 

10* y»-5-3*-i2.104r,-aJs= 10*-^ 
=s3»+S 

r,= 2.l0..1®co»J,-i-11(/*- (I0»-3’)cos«»,} 

=2.3*co8«,-r-l08in*«P,. »^«10*.3*-i-{10*-{10*-S*)co**»J, 

_ A, 

»‘^=3-T-»in4'c. r/=3*-!-{10+ v'lO*—3*.co8j/}=3*-r2.10co8Y' 

Fig. 24. Axes as 7:2. 
liiilii as 9:51 essO 5. 
u=.l,;»=0-2857l4; 7***= 7»-2»=4S. 
7V-i-2*«2.7jr,-aJ«.7*-*J 
= 2*+2 

r,«=2.7.2»e.iK»,-j- j 7*- (?*_ 2*)co«*«,} 

«=2.2*co8«,-i-7*8in*4.,. rJ=7*.2*-f.{7‘-(7*-2*)co8*«J, 

r,=2-isiiia'.- v=2>-r-17+ »''7'-2®.cos«,|=2’-r-2.10cos*|- 












Fig. 25. Axes as 4:1. 

Radii u 5 :3; esCfi. 
aBl,pa:0‘2S; 4*i'a4*—l^alS. 
4*y»-T-l*s=2.4 jf,—a^5s=4»—*J 


= 1* + 2 Xf-Jf. 

n =B 2.4.1» CCS {4*— (4*—1») cos* J,) 

= 2.1*co8»,-t-4siD»»>^ »J=4«.l»-i-{4*-(4»- l*)co8*«,} 

r,= l-*-8in4>... r/=l»-H{4+ v'4*-l*.cos#/}=l''-»-2.4co8» 



Fig. 26. Axes as 9 : 2. 
Radii as 11: 7 • t=Qr^. 
a=\,p=0-2-, 9*.»=9*-2*=77. 
9V-»-2*= 2.9*,-=9*-*; 

= 2«+ 2 

r,=2.9.2*cosfl,-t-{9»-(9*—2*) cos*#.} 

*2.2*co8«,-t-98in*4-.. rJ=9*.2*-t-}9*-(9*-2«) cos*#,}, 


»Va2-<-sinit,. o=2*-i-{9+ •/¥^.coii/\=2^-*-2.9cw*%'‘ 

ss 



Fig. 27. Axes as 5:1. 
Radii as 3:2; eBO'6. 
a3sl,/>a0-2; 5*.*=5*-l»=24. 
5y^.l»=2.5*,—*J=5*-aJ 

«l*+2 v'5*-1*.*/-*)L 


^=2.5 I co8#,-j-{5*-(5*-l*)co8*j,} 

*2.l*co8«.-.-5sin*4-,. r^«5*.)*-<-|5*-(5*-l*)cos*ii,>, 

. \ t id • fe I */£? — a » _%d . t% 


wicf- 
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Fig. 28. Axes as 6:1. 

Radii aa 7 :5: esO-714285. 
asl,/)=0-16} 6*t*=6*-l*=35 
6* y»-f-l*=2.6 
=l*+2 

r^=3.6.1*cosJ^-r (>*—(6*—l*)co8*J, 

= 2.l*C08«,-r6»in«4r,. »^ = 6* l*-r J6’-(6*-l*)C0S*9,}, 

r,=l-j-»in'l'r- r/=l--i-»6+ v^6*—l*.co89/} = l*-!-2.6co»*^' 

Fig. 29. Axes as 7:1. 

Radii aa 4:3; «=s0’75. 
ff=l,;»=0-i42857;7V=7*-l*=48. 
rif*-!-i*-2.7 7*-*; 

= l*+2V'7*^.4y-*jl. 
r.=2.7.i* cos 9,-r, p- (7*- 1*) C 08 *«,} 

=2.1*0089. J-7ain*4.,. rJ=7M*-i-l7* -(7*-l*)c«8*9.l, 
r,.= I-T-ainiP,.. rf=l*-i-{7+ i^7‘—l*•C089/l = l*-^-2.7c0B*^• 

Fig. 30. Axes as 8: 1. 

Radii as 9:7; «—0*7. 

-,= 1, p=U*12S; 8*i*=8*-l*=63, 

=3.8 *,-*;=8*-«J 

= l»+2 ✓8*~l*.«y-.r/. 

,= 2.8. l'eos9.^{8*-(8«- l*)cos*9„} 

*2.1*co89.-^-88in*^^,. r;=8*.l’'-r{8*-(8*-l*)eo8*9.}, 

,.=1 ~siii4',, 1 *-^{8 4 v'S*— 1 *.ci) 89/I = l*-f-2.8cos*^“^’ 















=2.1*co84,-j-98in*iJ>,. 
r^=l4-sini|»^. r^ssl*-r 



r,=2.10.l*cosj^-rll0^ 
=2.l*co8j,T-l 08in*i|>, 



Fig. 31. Axesas9:l. 

Radii as 5:4 $ 0=0*8. 

-,= l,p=0-i : 9*i*=9*-l*=80 

9* y»-rl*=2.94f,-*?=9*-0^ 

= l*+2 v^9<—X/. 

9*—l*)ccs''4^} 

rJ=9*.l*-r{9*-(9*- I*)cos*«J, 

9 + 4/1=1*-t-2.9 cos^I^. 

Fig. 32. Axes as 10:1. 

lUdii as 11:9; essO-Sl. 

«»l,;»=01i 10»f’=10*-l*=99. 

10* y*-!-l*s=2.lOx.-Tj= 10*-x? 

= 1*+2 X *. 

-(10*-l*)cos*«,} 

. ,^= 10*.l*-5-{ 10*-(10*- l*}co»*4J, 
{10+ V'UP^*.cosM-l‘-r2.IOco&*|^' 

Fig. 33. Axes as I : 0. 

Radii as 1:1; 

«ssl,/i=0;l*i*=ssl*-0*=l ortssl. 
rhe straight line, the other extreme 
of the Ellipse, see fig. 1. 

Foci at the vertices. ^—0. 

|•gasf*^ss!la^,s—<3^ Tf.'SZXf* 

HfiitaY Pbbioal, Jun. 
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